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Fig. 1 Geometry of the Absorption Process
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Fig. 3 A Linear Fit to Simultaneous Two-Beam Light
Intensity Measurements after Both Beams are
Transmitted Through the Absorber
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Fig. 4 Measured Changes of the Probe Light Level
Transmitted Through the Absorber after
Excitation and Several Comparison Exponential
Time Functions.
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APPENDIX A - NUMERICAL INTEGRATION PROGRAM

I To accommodate a numerical Integration procedure, the

hyperbolic differential equation of Eq. (27) can be expressed as

~ ~~~~~~7)~~S~ 
— f(u , ~‘~/~(b1y))* £ (A l)

- 
together with the initial value-boundary value conditions of Eq. (30)

- 
written as

u (o ,?) — C

L (A—2)

- _ _

• ~

- 

~ 
at ~ — 0 or equivalently

:: • 
u ( y ~o ) — - b 1y 4 C  (A-3)

For convenience set b1 — 1, (equivalent to redeflnthg the y-variabie).

Integration of Eq. (A-i) in terms of the differential or step
size &~. yields

• 
— +f ~~~ (A-4)

- y,?~~)~
- Also the change in the u-var iable for a step change y can be

- - ~ -~ written as

-

~~~ J u[(y+~y), (i~~7))
. u(y,Q+&)) +~~~~ •t~y (A-5)

- 
- y, ,’~+&~

t

• 

~

• A-i

~~~ I1.~i_ 
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To obtain the recurrence formulas upon which the integration - i -

scheme is based let

, y — s . ~~y (A-6)

where n, a are integers. Thus, Eqs. (A-4) and A-5) become

~ I 
— + f(a ,n) O7 (A-7)

a, n+]. s,n

u ((s+1), (n+l)) — u (s , (n+1)) + t y (k8)

s ,n+l

together with the initial value-boundary value conditions -

u (o ,n)— C

~ I 
— — i or u(s ,o ) — — s  • A y + C  (A l)

B ,0 :1 -
For simplicity in notation define

U — u(a,n)s,n 
-

I (A-lO)

a,n

Finally, the recurrence formulas are 
-

(s ,n)A? I
U.+i~~~i

U83~.,.i
+D5~~~.i 

.
~~
y (A—li)

II
U5,0 — —  a ’  A y + C  .1

- .1
F~H
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- representing a first order integration scheme. The numerical

procedure consists of solving Eqs. (A-il) for the quantity
• over a ra nge of values

s~~~O to s m~~ n O to nm~~ (A-i2)

A program for the solution of Eqs . (A-il) is given in Figure
A-l. The interpretations of several program variable are stated

• 
in Table A-i. Initial-boundary conditions are stored on files,

-• 

(see program statement 1242). The values of Us n  and D9~~
— • 

- computed during the run are also stored on files, (see program
~~. statement 1320). Solution of the recurrence equations is carried

out between statements 1372 and 2220. An output file, (see statement
2050) consists of exponentiated u-values at a fixed value of n(or7~)
over a range of s(or y) values.

At the starting value of the interger n, the change in tie
variable U5 with s is calculated over the range of s-values and
subsequent ly stored. The value of u is increased by unity and the
computations are repeated. The final computed values of U ands,n
D5 ~ 

are stored in file format, to be used as input values when the
program is run again.

Note that in this vers ion of the program only ~~~~ steps in n are
utilized due to computer storage limitations , i.e., N 9—2. To go
beyond ~~~ steps requires program changes in the arguments of
statement numbers 2140 and 3600.

I:-
________________ 

-
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TABLE A-i - SIGNIFICANT PROGRAM VARIABLES

Computer
Program Mathematical
Variable Equivalent

C ln[w(aLi•Ll + a~i•~i)J +inA1
B - b

3/b1
T

L Ay

N9
MS initial value of n
Si 5

Ni ,I( n - -

F f
U(sl,K) n
D(sl ,K)
S exp (U)/exp (C)

G3,C4 accuracy test variables

V 

. 1

r
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- I

-: PHOTOS
1000 LONG U7 D7,S
11110 LONG B( 1~~~~~~2]~~Ut 1~~00~~2 i
1020 LUNG C~ E,A , E :4 ,T ,L ,M~ , M2 .G1~ G2 ,F
1021 LONG Fl

—~~~ 1030 DIM H$ E8]
a— 1031 DIM G$ E 8 ] ~ F$ E8]

1040 DIM U*(8]~ D$(8]
I.— 1050 DIM E$ [8)~ I4 $ [ 8]

1060 MAT D=ZER
1070 MAT Ij~ ZER
1€180 FILES * ,* ,*~i* ,*

-- 1090 PRINT “ INPUT EOUNDAR’ -
~ CONDITION C=?

• 1100 INPUT c
1110 PRINT “ INPUT PARAM ETER b=2”
1120 INPUT ~

- 1130 PRINT ‘ T I M E STEP T~ ? A ND SPACE STEP L~ ?’
• 1140 INPIJ T I

1141 INPIJT L- - 1150 PRINT “ INPUT THE NIJMBER OF STEPS IN L M2= ’
-~ 1160 INPUT M2

— - 1170 PRINT “INF UT THE STARTING TIME STEP M5= ”
1180 INPUT MS- - 1185 PRINT

- 1 186 PR I NT “HO N MANY TI ME STEPS N9’? ”- 11 87 I N P Ij T N 9
- - 1190 C1=C

1200 E1=B
- . 1210 T 1=T

1220 L1=L
- 1230 M3 =M5

1240 M4= M2
- • 1242 PRINT ‘ W HAT AR E THE INITIAL. CONDITION FIL.E NAMES?”

1243 INPUT F$
1244 INPUT G$
1245 PRINT F$~ G$
1246 ASSIGN F$~ 3 ,Y1
1248 ASSIGN G$~ 4~ Y 1
1250 PRINT ‘F ~UUNtIAR? CONDITION C= ” Cl

• 1260 PRINT PARAMETER IN DIFF. EQ. s= ” ;E: l
1270 PRINT ‘TIME STEP T= IT 1
1280 PRINT “SPACE STEP L= ’ L 1
1290 PRINT ‘ STA RT ING TIME STEP M5= ;M3
1300 PRINT NO. OF SPACE STEPS M2= ” ;M4

Fig. A-l Computer Program for the Solution
of the Recurrence Formulas of Eq. (A-li)

— (l of 3)
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130 1 PRINT
1:302 I - P I N T  “ N’~~ ” N 9
1310 PRINT “START r-1 E~ T TIME STEP )15
1311 PR I NT
i~~28 I-PHIl - - Il-4 F’ I..IT U4: AND 1$ F I L E  N~A ME’ :’ ’
l~~21 FR i l l  I “

1:~3U 1r~pL’ T U$ -

1 3:3 1 I N F’ LI 1•• LI $ 
• 

- -

1-340 ASSIGN U$’ 1~ 
‘i i

1-350 PRINT Y1
1 i—I J I-i Iul- -l 114 , -‘ I
1:3 0 F- PIt-l i Y i L1$ [1$
1.:~:71 F’RINT
13~ 2 FOE F:,~~1 TO N9
1 :35i3 ,:~‘ i - i : i

1- ::90 51= 1
1395 K=0
14011 F I:I F- N i  1 Ti: M5+R7+ 1
1410 REAL’ *3 F1
1412 IF K=2 THEN 14:3 0
1415 IF FI1< u-15 -*R7 — 2 THEN 14:3 8
1417
1428 U[Si~~K ]=F1
14311 NE: ::-::T Ni
1 lJ~ F E TI1I F
I 14¼i Fi ll  i - i  III ‘Ii — I
I 4~ 8 REAl .’ #2 17
i4’:- 0 LIE S i,  1 J~~LI7 - 

-

1 4 8  lIE:- - : I :3 1
1488 I-OR 51=1 TO F12
1498 READ #1 U7
1500 IJ[91~ 1 ]=Ll 7
1510 NE:- - :T si
1520 I-~= 1
1530 FOF-: 5 1=1 TO :t i ~’ — 1 3
1540 F=1+E:~::P(LI L~ ; i ,KJ : :
15S~ F-~ ’ F ~~D E - 1 - ~F ‘+ 1-F I ’ ! ’  _ J ~~F I
1560 F~ -F -

1573 r’ I : s l,K+ i  j=LIE :E ; i i F : : . j - +F~-T - I
1’ ’ II III 1 + t , F  + 1  J — I l [  1~~F 4 l II  II 1~~F + 1 J ÷ L

~ i— ( I L  1~ F + 1  I-— il L I i
1~ IIH I~ — ii ijIj I
11 11-1 I F  i;i G THE N l~~ ii

13:ii I~ ,. =II1 •• 1 +- !d- 4~ ] — I I E  i f i  i
1 53~1 14 = . 000 1
I I I-I  I I ‘ , — ‘~ I F- I t II I i  -fl I
I- 1

~ii I- Il- -I I IE I I I  T H I E Fl ’  I ’

1~•:68 19=1
i 71i F F I NT  ~F . 1  ~l ~~~~~~~ 1
11:80 si~~i,~ 

- -

1698 NE~cl Si -

1700 IF Q9= 1 THEfl 2220
1~ :5I’ F~: : ~~ 

—

r
Fig. A-l Computer Program for the Solution

of the Recurrence Formulas of Eq. (A-li)
(2 of 3)
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1

‘ 
1E:6L1 RESTORE *1
.1~ 70 REST~~~ ~ 2 - - - V -

L900 FOR J= 1 T O M2
1910 A UEJ , K)
1920 PRINT *1 A
19:3 0 N E~ I -J

c 1935 GOT O 3~~ O
1940 FOR J=1 TO ( M2 — 1)
1950 B4= D(J ,K~1960 PR INT *2 G4
1970 NEXT J
1980 PRINT #1 ;END
1990 PRINT *2;EHD
2000 RESTORE #1

- 21310 RESTO RE *2
2040 NE::::T P7- . 2050 PRINT “INPUT THE OUTPUT FILE NAME H$= ’ -

2060 INPUT H$
2061 PR INT
2070 CR EATE Y1 ,H$ ,2 ,2 56
2080 IF Y 1=0 THEN 2110
~‘090 P R I N T  “ CAN ~ T OPEN TH E H$ FILE”
2 100 GOb 22 20
2110 ASSI G N H$,5~~Y 1
2120 F’R INT Y i ;H$

• - 21:30 FO R J=1 TO M2 STEP (M2/ 30>
2140 S=ULJ~ 2 ] — C -

• 2150 S=EXP~ S:
-

• 216.8 PRINT #5 ;3
- 2170 PRINT S

2180 NEXT J• 2190 PRINT #s ; END
- 2210 RESTORE #5

2215 FRINT *4 ;EN D
• - 2220 END

:3000 S1=M2
:31~ O FOR J=1 TO ( M5+ R7—2
:3200 READ #4 ;F1.

• 3500 NEXT
:3600 F1 =UES1~ 2]

- :37013 PRINT *4~ F1
.3705 IF R7=N9 THEN 4000

- 3800 RESTORE #4
- 4000 GO TO 1940

Fig. A-l Computer Program for the Solution
- - of the Recurrence Formulas of Eq. (A-il)

(3 of 3)
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